In this manuscript we describe a hidden conformal symmetry of smooth Sine-Gordon Braneworld scenarios. We generalize our previous conformal model (arXiv:1705.09331) to the case of two real scalar fields no-minimally coupled to gravity which has conformal symmetry. We show that two possibilities emerge for the internal symmetry of the scalar fields: SO(2) or SO(1, 1). We show that by choosing a gauge this system provides the standard action for gravity minimally coupled to one real scalar field φ, with the correct signal for its kinetic part plus a cosmological constant. This is important since models with conformal no-minimal couplings has the wrong sign for the dynamical term of the scalar field. By breaking the internal symmetry and preserving the conformal one we get an effective potential that is an arbitrary function of hyperbolic or trigonometric functions, depending on the internal symmetry chosen. For the case of SO(2) internal symmetry we explicitly construct a Sine-Gordon smooth Braneworld. Therefore this hidden conformal symmetry is a natural way to introduce standard scalar field models with unnatural nonlinear hyperbolic or trigonometric potentials. 
In the beginning of the 2000 some models of large extra dimensions emerged [1] [2] [3] . Differently of the Kaluza-Klein mechanism, in which a compact extra dimension is introduced, in these models some mechanism must confine the fields to the brane, a (3 + 1)−subspace of a higher dimensional theory. In Ref. [1] a mechanism has been found that trap gauge fields, however it do not work for gravity. A few time latter a solution to the confining of gravity was found by the introduction of a non-factorizable metric [2] . In this model, called Randall-Sundrum 2 (RS2), gravity is confined to the brane. However soon became clear that other fields can not be localized over the brane. In fact only gravity and scalar fields are trapped and this became a central problem in models of large extra dimensions, since for example fields of spin 1 neither 1/2 are trapped and only gravity is not enough to solve the problem [4] (see [5] for a review). By considering a non-minimal coupling with gravity in the RS2 scenario the solution to the localization of gauge fields has been found by some of us with the respective phenomenological prevision of a small cosmological photon mass [6, 7] . However the origin of this coupling was unexplained.
The solution to the above problems has been found recently by us. In a recent paper we have described a hidden conformal symmetry of Randall-Sundrum 2 model [8] . With this the above non-minimal coupling emerges naturally and by considering conformal torsion we obtained the universal localization of fermion fields. By imposing this localization a phenomenological prevision of a minimum torsion over the brane is obtained. The model is based on the action
and is invariant under the conformal transformationg MN = e 2ρ g MN ifχ = e − 3 2 ρ φ , ξ = 3/32 and n = 10/3. The conformal symmetry can be used to describes the system in two different ways. The first is by fixing the scalar field to a constant χ = χ 0 and we get
We see that breaking the conformal symmetry is the same as fixing an energy scale for gravity by choosing ξχ 2 0 = 2M 3 . With this we obtain the full RandallSundrum model in the standard form. We are left with the free parameter λ, which can provide the cosmological constant if we choose u 0 χ n 0 = Λ. One solution to this is given by ds
The second way of describing the system is by fixing the warp facto to e A = 1. With this we get the Lagrangian
with equation of motion for D = 5
The solution to the above equation is χ = C/(k|z| + 1) 2/(n−2) with C n−2 = 9k 2 /8u 0 , µ = 4u 0 /5k. By considering the fluctuation ds 2 = g µν dx µ dx ν the gravity part of the action becomes S = ξC
4 xR 4 and in order to recover four dimensional gravity we must impose the additional constraint ξC = 2M
3 . With this all the constants of the model agree in both gauges. We also should point that the integration factors are identical in both gauges, giving the same relations between the constants. As said above, by using this as a guiding principle localized matter fields has been found, including the universal localization of fermion fields [8] .
An important point that can be posed now is about a smooth version of the above model. More directly we look for a conformal model that can provides a kink solution to our scalar field that recovers AdS for large z. Smooth solutions are important to avoid naked singularities beyond providing a dynamics to the brane, and can be generated by a λφ 4 potential [9] for example. Smooth solutions with hyperbolic and trigonometric functions have also been found( see [10] [11] [12] and references therein). We should point out that, as far as we know, these unusual potentials, which also appears in models of conformal mechanics [19] , are introduced ad hoc. These smooth solutions also provides a rich structure of resonances, or metastable massive modes over the membrane [13] [14] [15] [16] [17] . A curious unexplained fact about models with conformal non-minimal couplings is that resonances do not exist [18] . Coming back to the problem of generating smooth solutions for the above model we face a problem: conformal symmetry uniquely determines the potential and we are not allowed to introduce a new potential such as λφ 4 , hyperbolic or trigonometric potentials. Another problem is the fact that the kinetic part of our scalar field has the wrong sign and behaves as a tachyon.
From now on we describe a solution to the above problems. As said above we can not add a λφ 4 potential since this breaks conformal invariance. Therefore the only way to get some freedom in our model is to add one more conformal scalar field L χ2 = a(ξχ
where a is constant. This constant can aways be absorbed by a redefinition of χ 2 and the only information left is about its signal giving us
as the possible conformal extensions of the model in Ref. [8] . The above Lagrangian has a SO(1, 1) or SO(2) symmetry depending on the signal we choose. Now we can add a potential and our final action becomes
From now on we will consider the plus signal case. In order to preserve conformal invariance the above potential must have the form χ m 1 χ n 2 with m + n = 10/3 and this new freedom is at the center of the strategy for obtaining smooth solutions. Many possibilities emerge and here we must look for at least one smooth solution. One route is to begin with a potential that preserve the SO(2) symmetry giving us the potential
and now we can use our conformal symmetry to choose the gauge
With this the gravity part of the above Lagrangian reduces to the standard Einstein-Hilbert action. We also get that the potential becomes a cosmological constant U = Λ. This constraint also provides that the scalar fields must have a solution given by
and with this the Lagrangian becomes
An important point about the above Lagrangian is that we get a correct sign for the kinetic part of the scalar field and also the cosmological constant. However this do not provides a kink-like solution for our Braneworld. For this we must introduce a breaking of the SO(1, 1) symmetry. This can be done preserving the conformal symmetry if we change our potential U by a dimensionless function
and if F = 1 we recover our symmetry. Now when we fix the gauge (8) and the solution (9) our potential (11) reduces to the effective potential
where F is a dimensionless function of sin( ξ 2M 3 φ) and cos( ξ 2M 3 φ). An important fact about this model is that this kind of potential is generated naturally by the fixing of the energy scale of gravity in five dimensions. Since the function F (sin(φ), cos(φ)) is arbitrary, we can generate from it many trigonometric potentials commonly used in the literature. As a concrete exemple we must consider the Sine-Gordon model. A smooth brane generated by a Sine-Gordon potential has been found in [10] . For completeness we reconstruct it here. The equations of motions for the scalar gravity system above can be reduced to [9] 
Where in the above equations and from now on we are using ds 2 = e 2A η µν dx µ dx ν + dy 2 , as in Ref. [9] . A solution to the above system can be found by introducing a superpotential W such that the potential can be written as
With this we can see that
are solutions of the system. Since we want to obtain the Sine-Gordon model we choose a superpotential
where λ is a dimensionless parameter. This in fact provides
which has the desired form. For obtaining the above result we have used the fact that Λ = −24M 3 k 2 which must be satisfied in order to obtain an AdS solution asymptotically. With this the solution to equations (13) are found to be
With the above result we see that when r → ∞ we have A = −ky as desired. Stability and other properties of the above solution has already been considered in [10] . Therefore our objetive is reached. We can go further in our investigation and consider the case with SO(1, 1) symmetry and by repeating the above procedure we get the effective potential U = ΛF (sinh, cosh). Therefore we can also get models with hyperbolic potentials. However we have not been able to find explicit solutions for this case. With this we consider that this hidden conformal symmetry mechanism provides a natural way of introducing nonlinear potentials in smooth Braneworld scenarios. The discovery of a new symmetry is important since this restricts the allowed interactions of the model. Particularly the conformal symmetry is interesting since it further provides models with dimensionless parameters, which are interesting from the quantum viewpoint. The generalization to other kind of topological defects, as well as the problem of localization of matter fields and resonances in this new model are interesting topics yet to be explored.
